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A METHOD AND DEVICE FOR OPERATING ELECIRONIC BALLASTS FOR HIGH INTENSITY DISCHARGE (HID) 



(57) Abstract . . 

Method and device for operating electronic bal- 
, lasts for High Intensity Dischargie lamps (4), the bal- 
lasts having a driver (MOD),, two power switches (PSl. 
PS2), anLC series circuit (L, CI. W). a.driver controller 
(6), a current sensor (8), and a power sensor (10), the 
j method including (a) generating pulses of frequency .fi 
for a time tl. equal to n/fl. where fl equals the LC reso- 
nance frequency; (b) monitoring the existence of current 
j and (c) monitoring the cunrent in the lamp circuit, and 
proceeding to (h) upon determining that there is no cur- 
rent in the lamp circuit, (d) continuing pulse generation 
for a time t2; (e) switching the frequency f2. at which 
i a set power is reached; (f) monitoring and stabilizing 
the lamp power by. modifying f2. and proceeding to (h) 
when the set power is exceeded; (g) monitoring current 
I and power accoiding to (c) and (0; (h) inhibiting pulse 
i generation for a time approximately equal t2/k; (i) pro- 
ceeding to (a) until . t2 has elapsed; and 0) inhibiting 
pulse generation until power is switched off and on. 
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A METHOD AND DEVICE FOR OPERATING ELECmomCBALL^^ - 
FOR HIGH INTENSITY DISCHARGE (HBQ) LAMPS 

Technical Field 

. lie present invention relates to the field of electronic solid state ballasts for High 
Intensity Dischige (HID) lamps, and more specifically, it relates to- a method and device 
utilizing solid state ballasts for operating HID lampsl eig., High Pressure Sodium (HPS) 

lamps. .. ■■ ' • 

Background Art . 

The . term "discharge lamp" refers to a lamp in which the electric energy is 
transfbrmed.iripopticai^^ r^^^^^ energy when electric current ;is passed through a gas, 
meki vapor, or a mixture thereof, present inside the lamp. . . 

Presently, various circuits of electronic ballasts for discharge lamps, and in 
particular for fluorescent lamps, are known in the art. A specific example is the circuit 
. shovm. in.Fig.. 1, which uses two power switches PS^ and PS2 in a totem pole (halfr 
-bridge). top61ogy;, the mbe circuit consisting of an L-C series resonant circuit. The power 
. .switchesrepresented .by power MOSFETS are driven to alternatively conduct, e.g., by a 
MOS Gs^e Driver ^ The MOD provides a high frequency (20 to 80 kHz) 

. Square Wave otitput, with the frequency of oscillation: given by: 

■ Prior to striking the fliiorescent lamp 2, the resonant circuit consists of I, C, and 
C2 connected in series. Since C2 has a lower value than C,, it operates at a hi^er AC 
voltage than the latter, and in fact, it is this higher voltage that strikes the lamp. Alter; the 
lamp strikes, C2 is effectively shorted by the lamp voltage drop, and the resonant 
frequency of the circuit is now determined by L and C,. 

Under resonance conditions, the sinusoidal voltage across the lamp is amplified 
by a factor of being the circuit quality factor) and the amplitude of this voltage 
attains a value sufficient for striking the lamp, which thereafter gives a non-blinking 
•light. 

The above-described basic circuit is well-suited for fluorescent lamps, but will not 
adequately work for arc discharge lamps or HID lamps. 
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■ ■; Initially, the HID lamp is ^ open ^c^^^^^^ . 
the lamp; i^fovi^ed the puke^arerof adequate amplitude (about 4.500 Volts). Subsequent 
to^^king/A^resistanceofthe lamp.dro^^ rises to its normal v 

operating level. Hence, to prevent i^p damage ..subse^^^ td striking and during the 
'Warm-up, the current of the lamp must be restricted. . . ' 

• ; it is a characteristic of kiD lamps that their voitage increases over the life of the 
lamp, due to a slow increase of stabilization teniperahare. Therefor?, unless the .lanp. . 
ballalt maintains/the lamp power, Ae light output of the lanip will yaty^ to ail ■ 

unacceptable degree. . . \ , . 

' . Balla^^^ for HID lamps should W; different from ball^^ fluorescent.. 

lamps, for the following main reasons: ^ ■ - - 

: 1^ ' . these;devices should withstand open-circuit operation conditions; 
2) they should supply sufficiently high pov^er for striking the lamp at a voltage of 3 . . 

':.;ft6.4ky; ■■' 

sV.. . they should, adap 

4) ; the ballasts should not destabilize the lamp arc discharge, and 

5) . the ballasts should be bompatible with lamp characteristics, so as to maximize the 

• . ; . iamp's service life. 

Therefore, when replacing the fluorescent lamp of Fig, 1 with an HID lamp 4, as 
shown in Fig. 2, the ballast of Fig. 1 will not operate the HID lamp, for the following 

major reasons: ; . " 

An HID lamp is not consistently susceptible to striking and is not necessarily in a. 

' stkte of readiness for striking. In fact, the circuit of Fig. 1 enables a low po^yer (70-150 . 

. W), cold HID lamp to be struck and even brought to the operation mode. But if the lamp 
has operated at rated power and is shut off for some reason, the subsequent attempt to 
switch on the hot lamp will prove to be unsuccessful and^will damage the main 
comppnents of the circuit, first of all, the power switches. 

As can be seen in Fig- 2, the oscillation circuit is shorted only when the lamp is 
struck (the lamp shortens the C2 capacitor). In all other situations, when the lamp is not 
stmck; the lamp is not present; the lamp is' damaged; the lamp circuit is broken, etc., the 
oscillation circuit is not shortened, which inevitably results in a failure of the device. 
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Therefbre, the direct use.of an electronic ballast intended for fluorescent lamps iru 
Hip iaitip ci^uits is ruled out, since it is impossible for such a ballast to provide reliable.-. 
operMion of mHptof imder act^^ operating cpnditions. I ; 

It is thus a brpad object of the present invention to. proyide a method for operating . 
HTO linps with ^ices lD^^ according to the basic;topology of electronic b^ 
fluorescent lamps, which fekes into^^a^^^ 
mese lamps/such .as their im^^^ 

lamp in the circuit; jhe series .L^^d^^^^^^ P^^^'^^^ 
optimal conditions for striking, heating and operatioa ^ . ; 

Disclosure of the Invention 

: The invention-; provides a method for operating electirOnic ballasts for High 
Intensity Discharge (HIP) lamps, said electronic ballasts having a driver, two power 
switches connecteci in a half^bridge arrangement, an LC series circuit, a driver controller 
for cohtroilirig the'operation of the driver, a current the lamp circuit, and a 

power sensor in the power switch circuit, said method comprising . (a) generating pulses 
of freiquency /, for a jhiration of tirne r, being equal. to n//,. where. n is a positive number, 
and/, equais Ae resonance frequency of the ballast's LC serieS :Circuit; (b) monitoring 
the existence of cun-ent in the lamp circuit after the duration of time ^ elapsed, and in 
the event that there is no current in the la^^ circuit, proceeding to step (h); (c) 
monitoring the current in the lamp circuit, and proceeding to step (h) upon determining 
that the current in the lamp circuit has ceased to flow; (d) continuing the generation of 
said pulses of frequency /, for a predetermined duration of time counting from the start 
of the generation of said pulses according to step (a); (e) switching the frequency / of 
said pulses to an operating frequency/, at which a set power for the lamp is reached; (f) 
monitoring the p6wer on the lamp and stabilizing this power at the level of the power set 
for the lamp, by gradually modifying the frequency/, and proceeding to step (h) in the 
event that the power in the lamp circuit exceeds the power set for the lamp by a given 
margin; (g) monitoring the current in, and power of. the lamp circuit according to steps 
(c) and (f); (h) inhibiting the generation of said pulses for a predetermined duration of 
time exceeding f, and approximately equal \.o hIK where k is a positive number; (i) 
proceeding to step (a) until the said predetermined duration of time t^, counted from the 
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start of the generation of pulses according to step (a), has elapsed; and G) inhibiting ttie ; 
generation of said pulses until the power to the ballast is first switched off and then on. 

In accordance with the invention, there is also provided a device for operating ■ 
electronic ballasts for High Intensity . Discharge (HII)) l.a^^^ said electronic ballasts 
having a driver; a power sv^^itching circiiit including, two power switches connected in a . 
half-bridge arrangement, and an LC seiries ■circuit, said device comprising a driver 
controller for controlling the operation of said driver , a current sensor connected on a 
line leading and adjacent to an electrode of the HID lamp, and a pow?r sensor : , 
incorporated in the power switchirig circuit. > 
Brief Description of the Drawings 

The invention will now be described in cormection with certairi preferred ;, 
embodiments with reference to the following illustrative figures so that it may be more 
. fully understood. 

. With specific reference now to the figures in detail, it is stiessed that the 
particulars shown are by way of example and for purposes of illustrative' discussion of the 
preferred embodiments . of the present invention only, and are presented in the cause of 
providing what is believed to be the most usefiil and readily understood description of the 
principles and conceptual aspects of the invention. In this regard, no attempt is made to 
. show structural details of the invention in more detail than is necessary for a fundamental, 
understanding of the invention, the description, taken with the drawings making apparent 
to those skilled in the art how the several fonns of the invention. may be embodied.in 

practice. ■ . 

Fig. 1 shows a typical circuit diagram of a prior art electronic ballast for operating 

fluorescent lamps; 

Fig. 2 shows the circuit diagram of Fig. 1, in which a fiuorescent lamp is substituted by 
an HID lamp; 

Fig. 3 shows a device utilizing solid state ballasts for operating HID lamps in accordance 

with a first embodiment of the present invention; 
Fig. 4 shows waveforms of progressive cycles for ignition, warm-up and operation of an 

HID lamp; 

Fig. 5 illustrates waveforms in the event of lamp short-circuiting; 
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Fig! 6 illustrates waveforms in the event of lamp circ^^^ ' - . 

Fig. b a drtailed circuit diagram of the driver controller, mainly showing the digital 

• ' : .pait.there6f;. . ^^^^ ^ .; 
Fig; 8 isa derailed ciroiit diagram 9^ controller, mainly- sho^ying the analogue : 

part thereof, ^d . 

Fig^ 9 shbws a-Wi« in accordance , 

with a second embodiment of the pr^^^ 

Detailed Descriptibn 

.Referring to Fig. S^thereissh . a circuit for igniting iid operating fflD 1^^ 
• : \^ ballasts ^:ailio- . the ci;:'-':t-s per se known components, 

. / , \ . ' . r vhp also includes a driver. 

.describe;;^". ••. '--'y - - ' .. ■ . 

■ - ^■ '^^.^■r ::-.^-^.-op-tvn^^ cunfrt sen ^ co- ec^io in circuit on the line leading 

COntrC.ViCr- O.- cVAi- .tl iO >' :r^>p 

; . V ./' - v: ; - " •: . * a. u "■'•h- . .i^or 10 incorporated in the • 

-powerswUch circvm:: : --H.on conou... addition, there is illustrated a power 

- ;siipply - li ipted jp prbvicie the power suitable 1. the specific, non-limiting, example 
^• mus4ted in the drawing operating the electronic ballast circuit of a 400 W HID 

.' .lamp. . 

' R^ferencie is 

: Upon the application of power from the power suppty 12 to the circuit, the driver 
MGD produces and applies the preset required voltage and currerit. As shown, in Fig. 4, 

- waveform I represents the driver's output voltage; waveform II represents the voltage on 
the lamp 4; and waveform III represents the current on sensor 8. 

. : The striking of the HID lamp, of a selected set power, is effected by generating 
pulses havi^a pulse frequency/, which equals the resonance frequency of the ballast's 
-. LC series circuit, e.g., about 50 kHz,, for a duration of time U = "//„ where n is a positive 
number from 3. to 10. .Over the.course of this duration, all electronic components of the 
output siage withstand the current spikes, which far exceed the operation mode current. 
However, if the striking pulses, of a duration of «//, seconds, fail to strike the lamp, pulse 
generation stops, the next attempt to strike the lamp by similar striking pulses is carried 
out after a duration of time h/k, where k is a positive number, e.g., within about 20 
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/ . . • - ■ . ■' ■:' :"■ ':' . i •■/6 ■ ■■ '.. ' ■ ' ' 

seconds, as seen in Fig. 46. The positive numbers ,« and k may be constant or non- 

■cohstant. ■ .." .-'v. 

, si^^^ Uie longest, time required for a hot fflb lamp to cool down so that it is again 

susceptible to striking .will be. about 2' minutes, the number .of striking pulses applied , ; 

should be at least SIX (see Figs. 4c to 4e). ^^^^^ 

• . Thd time which passes before strildng Ae Hip lamp, .i.e., the^ number of groups of 
pulses; striking the lamp before jgnitidn, varies in a diiscrete manner and depends on the 
' sme 6f the lamp and readiness th^eof for Wikiiig. Fpr exam^ a cold lamp in good 
Working condition is stnick by the first 5trik:ing pulsef:^ on the other hand, a 

hot lamp is struck by one of the subsequent striking pulses, deperiding on the "waim-up 
level" of the lamp (Figs. 46-4e). It is clear that, once the lamp is struck, the generation of 
frequency/, does not cease and, a^ soon as the initial warm-up stage is oyer (within about 
2 minutes, counting from the first application of the first striking pulses), it is switched to 
a working or operating fi^equency/^, e.g.. about 30 kHz, and the lamp continues to warm 
up until the operation.mode is reached. The signal confirming that the lamp ignited 
driginates at the current sensor 8^ Ipcated in. the lamp circuit. 

An HID lamp is knowrn to require a-pe^ voltage. of 3 to. 4 kV for being struck by 
a single pulse having a duration of not less tJian 1 microsecond. Providing a train of high 
voltage pulses for striking, decreases the required striking voltage of the lamp. In this 
particular example, the required voltage does not exceed 3 kV. . 

The operation mode of the driver MGD takes into consideration, all of the special 
features of HID discharge lamps, and thus reliably provides for striking, warming up, and 
normal operation mode. Hence, the driver cohtroller 6 governs the driver's operation and 
initial-preset warm-up frequency /,. The frequency / exceeds the operation frequency 
and is determined in such a way that the lamp's lnitiar warm-up current is limited. This 
results in the reduction of . erosion of the lamp's electrodes and thus contributes to the 
increase of the lamp's service life. Once the lamp is ignited, the driver controller 6 
controls the lamp's operation frequency /a! Due to the.feedbaek obtained from the power 
sensor 10, the working frequency varies smoothly in such a maimer tiiat the illumination 
is rnaintained at a constant preset level, or decreased to a level given by the setting of the 
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driver controller. .'Hence, the power on the lamp . is stabilized at the level of the. power sei 
for a particular lamp, by gradually modifying t^^^ 

; - - Furthermore, the driver controller 6. also governs the inhibition of the . driver's 
operation and in the evem of a sharp incre^^ e.g., in case the lamp 

line short-circuits, the power sensor 10 signal exceeds the rated power by a given margin 
and the driver. controU driver's operation for a duration ra/i, e.g., for , 

about 20 seconds, follovving which the driver controller 6 svvitches to the initial operation 
cycle, as illustrated in Fig. 5, wherein / is the driver's output . voltage, // is the voltage on 
the lamp 4, and ///.is the sign^^ 

If the cause of failure is not eliminated \yithin the next two minutes or so, the 
driver contrblier 6; inhibits the driver's operation until the power supply 12 is sv/itched 
off and then is subsequently switched on.. 

Similarly,, the driver controller 6 inhibits the driver's operation on receiving, a . 
sigiial from current sensor 8, indicating that the lamp circuit current is stopped . due . to . 
ianlp line brealcage, lamp failure, etc., as shown in Fig. 6, wherein / is the driver's output = 
voltage, // is the voltage on the lamp 4, and /// is the signal of the current sensor 8. 

Referring to Figs. .7 and 8, there is illustrated, by way of example only, a possible ; 
embodiment of the cohtrdller's detailed circuit di^^ • ' 

In general, the digital part of the driver controller (Fig, 7) sets all of the required 
time intervals of the lamp's ignition cycle, including its warrh-up period, controls the 
signal from the current sensor.in the lamp circuit arid produces three output signals: 

1) Signal P, permitting the driver to start generation of pulses; 

2) Signal/ effecting switching from frequency/i to operating frequency Jf^, and . 
.3) Signal g, causing the switching off of the circuit in the event that ho current is 

detected by the current sensor in the lamp circuit. ■ .\ : ' 

The analog part of the driver controller (Fig. 8) is responsible for maintaining the 
set power of the lamp, producing a reset signal in the event that the power in the lamp 
circuit exceeds, the set power by a predetermined margin. A light indicator 90 (Fig. 8) 
- may optionally be provided, that turns on when the lamp reaches the set power. 

The RESET signal, required to bring the circuit to its initial state, is forrned by 
components 18, 20 (Fig. 8) and 22d (Fig. 7). Pulses are generated by oscillator/counter 
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24 and repeated. every 30 seconds.^ TTie duration of the pulses ^^^C^ is set by: 

monostable multivibrators 26, 28. The first pulse.'. is generated, eVg.,^ 
power is suppUed to the circuit, by the additional trigger 30. Bin2uy counter 3^ 
oscillator/counter 24 to reset after a two-mmute interval, also forms a signal / for 
switching from frequency /i to operating frequency^. Pulses of 100 niks each axe fed to 
the circuit activating the driver, consisting of resistors 34, 36, fransistqr 38, (liode 4Q and 
capacitor 42, and to trigger 44. When the lamp is struck, the. current sensor 8, together, 
.with the circuit composed of the diode 46, resistor 48, stabilatron 50 and capacitor 52, 
form a logical '*oiie" signjal that sets the trigger 44, thereby ;allo\ying the subsequent 
operation of the driver! . Component 54 forms the RESET signal in the event that there is 
no signal from the current sensor 8 and its associate circuit. LED 16 indicates that trigger 
44 is brought to RESET, namely, that the circuit is in its initial state.^ LED 16 turns off 
during the lamp ignition and subsequent normal operation. 
■' The circuit for controlling the power includes a non-invertm^^ 

an. amplification factor of, e.g., 11; comparator 5.8 for comparing the signal from the 
amplifier with the voltagd formed by resistors 60, 62, and inverting amplifier 64 that 
produces the voltage required for normal operation of transistor 66, using the bias circuit , 
including resistors . 6i5, 70, 72 and transistor 74. The bias voltage varies in the event that 
transistor 74 is closed by signal /. The generated frequency of driver, MQD may vary 
with voltage variation at the soiirce of transistor 66, due to the change in the capacitance 
of the gate/source junction: Operational amplifier 76 forms the RJESET signal in the 
event of voltage at the output of amplifier 56 exceeding the reference signal formed by: 
resistors 78, 80. The power controlling cfrcuit has a deep negative feedback due to, 
capacitors 82, 84, 86. The sensitivity threshold of comparator 58, and consequently . the 
power on the lamp, are controlled by potentiometer 88, while the protection threshold is 
set by potentiometer 88. LED 90 provides an indication that the power set for the lamp 
has been attained. 

In the previous embodiment, the current sensor senses the current in the lamp 
circuit at resonant frequency / after the lapse of a time period of a duration Vi 
When the current is insignificant, however, this necessitates a separate current sensor, for 
example, an. inductance sensor, which can sense low current. Hence, in accordance with 
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the further embodiment sho>vn in Fig: 9. an intermediate frequency A is introduced . W .. 
the current in the lamp circuit is sensed after the lapse of a period of time of a durauon 
+ wherein ^,=m^ and m is an integer: The introduction of the frequency yi. lower than ^ 
the resonance frequency y; into the wbrking regime of the ballast, causes the current in : 
: ,the lamp circuit to increase. This has: made it possible to sense the cuirent in the lamp 
circuit with a resistance s^or, i.e.; the power sensor 1 0 included in the circuit ^of the . 
lower switch feeding the lamp 4. . ' . 

; It will b6 evident to those skilled in the art ttiat tKe invention is not limited tb the 
details of the foregoing illustrated embodiments; and that ^A^^^ may 'be : 

embodied in other specific forms without^de^arting &o^ the spirit or essential, attributes^ 
thereof.: The present embodiments are therefore to. be; in all respects as 

illustrative and not restrictive, the scope of the invention being indicated by the appended. 
: •claims rather than by the foregoing description, . and all changes which come within the. 
. meaning and range of equivalency of the claims are therefore intended to.be embraced 
therein. 
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.-V^- CLAIMS. •' • ■ 
l/ V A method for pperating^^^d 

lamps,, said electtbnic ballasti having a driver, two po>yer switches connected in a half- 
bridge arrkngemeriCan tci^^ a driver cbntroUer for controlling the operas 
of tiie drivi a cuitem sensor in th^ lamp circuit, and a power sensor, in the power switch 

circuit, saiid\meth6d corripnsing: '.^ 

: (a) generating pulses of frequency /, for ^ dura^^^ being equal to 

where « is a positive number,. and/ equals the resonance frequency of the ballast's LC 

series circuit; : • >. \ ' ; •" 

. ". (b) monitoring the existence of ^c^ tiie lamp circuit ; after ^he duration of. 
time /, has elapsed; an^^^ is ..no current^ in . the. laiftp circuit, 

proceeding to step (h)v ; 

. (c) moitoririg. the .current i^ lamp circuit, and proceeding to step (h) upon 
det^nninirig that the tuh-ent m the 1^ ceased to flow; 

. (d) cohtinuing.the generation. of said pulses of frequency/, for a predetermined 
duration of time f2 counting from the start of the generation, of said pulses according to 

step (a);.. ■ ■.• .• ' 

(e) . switching the frequency/, of said pulses to an operating fi-equency /, at which 

a set power for the lamp is reached; 

(f) monitoring the power on the lamp and stabilizing this power at the level of the 
power set for the lamp, by gradually modifying the frequency /z, and proceeding to step 
(h) in the event that the power in the lamp circuit exceeds the power set for the lamp by a 
. given margin; ; 

(g) monitoring the purrent in, and power of, the lamp circuit according to steps (c) 
. and(f); 

(h) inhibiting the geiieration of said pulses for a predetermined duration of time 
approximately equal t6 ^2/*^, where At is a positive number, 

(i) proceeding to I step (a) until said predetermined duration of time fj, counting 
from the start of the generation of pulses according to step (a), has elapsed; and 

G) inhibiting the generation of said pulses until the power to the ballast is first 
switched off and then on. . .. 
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2. The method as claimed in claim 1, wherein - 

3. The method as claimed in claim 1, wherein ^2 is a duration, of time from 2 to 15 

minutes.' . •.. ' : 

4. The method as claimed in claim 1, whereiri * is a number from 6.to 30. ; ^ 
5.. .The method as claimed in claim l, whe^^^ 

6. . The method as claimed in claim I ^ . 
.7. The method as claimed in claim 1, \yherein A: is constant. 
8: The method as claimed in claim; 1^ wherein A:. is non-constant. 
9. A method for operating electronic ballasts for HID lamps, said electronic ballasts 
haying a PFC, a driver, two power switches connected in a half-bridge. arrangement,. an 
LC series circuit, a driver controller for coritrolU^^^^^ the operation, of the. driver, and; a 
power sensor in the power switching circuit, said method comprising: 

. a) generating pulses of frequency/, for a predetermined time period^ 
. equal to n/f, where n is a positive integer and/, is equal , to the resonance frequency of the 
LC series circuit of the ballast; 

b) ' switching the frequency/, to frequency being lower than/,; 

c) sensing the active power in "the lamp circuit after the elapse of a 
•.predetermined time period tj equal to m^j! where .ni is a positive integer, and if no .active; 

power is sensed in the lamp circuit, proceeding to step (h); 

d) continuing the generation of said pulses of frequency /a during a 
predetermined time period /j, which commences when the generation of pulses in step (a) 
is stsLTted; 

e) switching the frequency of said pulses to an operating frequency , at 
which a set power for the lamp is reached; 

f) monitoring the power on the lamp and stabilizing said power at the power 
level set for the lamp by gradually modifying operating frequency/; 

g) monitoring active power . in the lamp circuit and proceeding to step (h), 
. provided no active power is sensed; 

h) discontinuing the generation of said pulses during a predetermined period 
of time approximately equal to h/k, where * is a positive integer; 

i) proceeding to step (a), until said predetermined period of time ^3 elapses; 
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■ ■. ' ' 12 . : ■ • ' ' '\ ■ ■ \ '. ' ; 

r j) • . discontinuing the generation of said pulses for ;a predetermined period o£..: 

time.r4; -^'^ ' • ■ ' ' ' . . \ • •- 

: k) ,; repeating steps (a), (b)/(c).p times, wherein p is a -positive antbger, .; 

provided that during step (c),tr^^^ ' 

• 3 . ; . discontinuing the generation pf said pulse?; yntij power to. the balla^^ 

switchedoff and subsequently switched on. : 
16; • The method according to claini 9, wherein « is an integer from 3 to 10. 
^ 11 The method according to claim 9, whereiri m. is an; integer from 3 to 10. 
12^ ; The method according td , 
13/ The methbd according to claim 9, wherein p is an integer frpm 3 to 5 . . . 
■ 14 J ' The taethod according to claim 9^ wjiereiri tyis a time period from 2 to 5 minuses, -^ y 
1.5. v T^^ method according to claim 9. wherein is- a time period from .10 to 
20 minutes. . 
•16.V The^^^ 

• 17. • The method according to claim 9, wherein n is non-constant. 
,18. .. The method accordi 

19. V The method according to claim 9, wherein k is non-constant. 

20. ^ T^^^^ 

.21 liiemeA^^ 

; 22' : operating electronic ballasts for High Intensity Discharge (HED) 

■: iainps.:^did electronic ballasts having a PFC, a driver, a power sWitchirig circuit includirig 
two power switches connected in a half-bridge arrangement, and an LC series circuit. 

said device comprising: 

, a driver controller for controlling the operation of said driver; 

a current sensor connected on a line leading and adjacent to an electrode of the HID 
lamp; and 

a power sensor incorporated in the power switching circuit.. 

23. .The device as claimed in claim 22, wherein said current sensor is an induction 
type sensor. 

24. The device as claimed in claim 22, wherein said lamp power sensor and, said 
current sensor are resistive type sensors. 
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